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The  purpose  of  the  proposed  research  is  to  provide  a  structural  basis  for  understanding  the  mechanism  of 
transcription,  its  regulation,  and  altered  regulation  as  occurs  in  tumor  cells.  The  goal  of  the  proposed 
research  is  to  determine  the  X-ray  structure  of  RNA  Polymerase  n  in  the  midst  of  transcribing  RNA 
from  a  DNA  template. 

During  the  first  year  of  funding,  template  DNA  was  shortened  to  a  minimal  size  without  affecting  Ae 
stability  of  the  paused  complex  or  its  efficiency  of  formation.  It  was  determined  that  previous  platelike 
crystals  are  sensitive  to  physical  manipulation,  soaking  in  cryoprotectant  or  soaking  with  heavy  metal 
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allowed  the  growing  of  crystals  in  cryoprotectant  and  the  generation  of  yet  new  crystal  forms.  Growing 
in  cryoprotectant  is  a  major  accomplishment  considering  the  sensitivity  of  the  crystals  to  manipulations. 
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Structural  Determination  of  a  Transcribing  RNA  Polymerase  II  complex. 


Introduction 


The  goal  of  the  proposed  research  is  to  determine  the  X-ray  structures  of  RNA 
polymerase  11  elongation  complex  at  atomic  resolution  and  with  regulatory 
proteins.  The  purpose  of  the  proposed  research  is  to  provide  a  structural  basis 
for  understanding  the  mechanism  of  transcription,  regulation  of  the  process, 
and  altered  regulation  as  occurs  in  tumor  cells.  The  problem  is  challenging, 
since  the  polymerase  alone  comprises  15  pol5^eptides  with  a  total  mass  of 
nearly  600,000  Dalton,  and  addition  of  the  auxiliary  factors  adds  a  further  level 
of  complexity. 

It  has  been  foimd  that  mutations  in  a  tumor  suppressor  gene,  P53/  is 
directly  associated  with  breast  cancer.  Currently,  evidence  indicates  that  P^^  is 
a  transcriptional  regulatory  protein.  Treatment  of  breast  cancer  involves 
radiation  therapy,  chemotherapy  and  surgery.  In  devising  an  effective 
treatment,  it  would  be  helpful  to  understand  the  underlying  cause/s  of 
tumorigenesis.  Since  tumors  are  cells  whose  regulation  has  been  altered,  it  is 
imperative  to  uncover  the  normal  regulatory  mechanism  and  those  that 
occur  in  cancer  cells.  As  such,  this  proposal  can  create  opportunities  for 
improved  diagnosis,  prevention,  and  treatment. 

Although  mutations  in  genes  can  predispose  individuals  for  breast 
cancer,  the  exact  mechanism  that  leads  cells  to  obtain  tumorous  properties  is 
not  fully  understood.  The  path  by  which  mutations  are  capable  of  altering 
cellular  traits  is  by  altering  the  regulation  of  specific  genes.  The  point  of 
altered  regulation  can  be  at  initiation  or  elongation  of  RNA  polymerase  II. 
During  elongation,  RNA  polymerase  II  pauses  on  its  transcript.  Proteins  such 
as  TFIIS,  can  regulate  the  amount  of  the  read  through.  Indeed,  an  additional 
elongation  factor.  Sill,  has  been  shown  to  be  a  target  of  the  VHL  tumor 
suppressor  protein  and  able  to  directly  regulate  its  function  (1).  Mutations  in 
the  VHL  gene  predispose  individuals  to  a  variety  of  tumors  (2).  This  is  a  clear 
case  of  point  mutations  in  a  gene,  directly  affecting  the  regulatory 
mechanism. 

Eukaryotic  cells  contain  three  forms  of  RNA  polymerase,  designated  I,  II, 
and  in  (or  A,  B,  and  C),  made  up  of  10-15  polypeptides.  Despite  the  many 
subunits,  the  eukaryotic  enzymes  are  alone  incapable  of  recognizing  a 
promoter  and  initiating  transcription;  a  number  of  accessory  factors,  referred 
to  as  general  transcription  or  general  initiation  factors,  are  required  (for 
reviews  see  ref.  3,  4,  5).  The  diversity  of  RNA  polymerases  belies  a 
remarkable  degree  of  conservation  across  species.  The  two  largest  subunits, 
which  together  account  for  two-thirds  of  the  mass  of  the  polymerases,  are 
homologous  in  sequence  from  £.  coli  to  man.  General  transcription  factors 
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and  activator  proteins  are  also  conserved  and  even  interchangeable  between 
yeast  and  human  cells.  The  transcription  mechanism  appears  to  be  universal: 
the  mechanistic  details  of  initiation,  RNA  chain  elongation,  and  termination, 
insofar  as  they  have  been  revealed,  are  fundamentally  the  same  in  bacteria, 
yeast  and  higher  eukaryotic  cells.  Recently,  6  of  the  7  human  RNAPII 
subunits  tested  were  found  able  to  replace  their  yeast  counterparts  in  vivo  (6). 
Therefore,  studies  of  yeast  RNAPII  may  be  expected  to  reveal  general 
principles  of  eukaryotic  transcription  and  its  regulation.  The  yeast  enzyme  is 
especially  suited  for  3-D  structural  analysis  because  a  large  amount  of  pure 
material  can  readily  be  obtained  from  yeast  cell  culture.  No  other  cell  culture 
system  is  able  to  fulfill  such  a  requirement.  Yeast  RNA  polymerase  lacking 
subunits  subunits  4  and  7  were  originally  used  for  2-dimentional 
crystallography  since  they  were  more  homogenous  than  the  wild  type 
enzyme  (7,8). 

Although,  RNA  polymerase  H  requires  a  set  of  additional  protein  factors 
to  start  transcription  at  a  promoter,  the  polymerase  with  or  without  subunits 
4  and  7  is  capable  of  initiation  on  a  single  strand  protruding  from  the  3'-end 
of  duplex  DNA  (Kade9).  Such  a  "tailed"  template  may  be  viewed  as  half  of  an 
unwound  "bubble",  known  to  occur  at  the  active  site  of  RNA  polymerase 
molecules  during  transcription.  Consistent  with  this  idea,  transcription  starts 
within  the  single  stranded  region,  about  three  bases  from  the  junction  with 
duplex  DNA,  in  both  tailed  templates  and  in  the  unwound  bubble  of  an 
elongation  complex  (10).  At  least  two  possible  paused  complexes  can  exist. 
The  first  is  halted  due  to  the  lack  of  a  single  nucleotide  such  as  UTP  (11).  The 
second  is  arrested  even  in  the  presence  of  all  nucleotides,  due  to  the  DNA 
structure  arising  from  its  primary  sequence  (12).  Although  structural 
determination  of  the  ternary  complex  in  a  functional  state  until  date  has  not 
been  shown,  use  of  tailed  templates  has  allowed  the  applicant  to  develop  a 
system  with  appropriate  templates  for  the  generation,  purification  and 
crystallization  of  this  complex  (13). 

RNA  polymerase  in  the  act  of  transcription  is  essentially  irreversibly 
bound  to  both  the  DNA  template  and  the  nascent  RNA  chain  (no  dissociation 
occurs  even  upon  treatment  with  a  detergent  such  as  sarkosyl).  Such 
elongation"  complexes  formed  with  E.  coli  RNA  polymerase  (14)  remain 
fully  active  in  transcription  following  exposure  to  concentrated  salt  solution 

(IM  NH4CI)  or  storage  for  long  periods  (5  days  at  40C).  These  characteristics 
are  conducive  to  crystallization,  and  prompted  the  original  crystallization  of 
elongation  complexes  prior  to  this  fellowship.  Elongation  complexes  were 
"halted"  on  tailed  templates  by  transcription  in  the  absence  of  UTP,  so  the 
polymerase  halted  when  the  first  T  residue  in  the  template  was  reached.  The 
halted  complexes  generated  on  the  tailed  templates  are  advantageous  for 
crystallization  because  of  their  uniformity  in  content  of  DNA  and  RNA 
sequences  (13). 
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Before  acquiring  this  fellowship,  platelike  crystals  of  the  delta  4/7  enzyme 
were  successfully  grown  and  diffracted  (13).  Diffraction  data  taken  on  station 
F-1  at  CHESS  were  complete  to  6.4  A  and  extended  in  some  directions  to  3.5  A 
(Fig.  3).  Few  crystals  survived  soaking  and  freezing,  however,  and  the  mosaic 
spread  of  the  diffraction  was  high  (greater  than  1°). 

Body 

Several  tasks  were  set  forth  in  the  original  proposal  to  be  performed  during 
the  first  year  the  duration  of  this  fellowship.  These  are  listed  below. 

Taskl.  1-12  months.  Continued  crystallization  of  ternary  complex,  which 
currently  yield  platelike  crystal.  This  will  be  done  using  in  house  X-ray 
diffraction  equipment  as  well  as  synchrotron  radiation  from  the  Stanford 
Linear  Accelerator  (SLAC). 

Task2. 1-18  months.  Derivitization  of  current  crystals  with  site  specific  heavy 
metal  clusters  for  initial  phases.  This  is  to  be  performed  employing 
undecagold  heavy  metal  clusters  currently  available,  and  novel  clusters  as 
they  become  available.  Tantalum  clusters  have  just  been  employed  on  non¬ 
ternary  polymerase  and  look  quite  promising. 

Task  3. 9-12  months.  Improving  current  crystals  by  trying  to  shorten  present 
DNA  templates,  and  crystallization  of  complexes  with  templates  of  different 
sequences.  Several  new  template  sequences  are  currently  in  hand  to  use. 
Shortening  these  by  several  bases  should  suffice  to  improve  crystal  form.  Each 
novel  template  will  be  employed  in  generating  ternary  complex.  It  will  then 
need  to  be  studied  biochemically  in  a  system  that  the  applicant  has  developed. 
This  will  ensure  that  the  new  complexes  are  stable  and  functional. 


-7- 


Figure  1 .  Templates  used  in  generating  elongation  complexes 

V51  CCGGrGCACAACACCaLGC<SA.GCAAGGCGTTTCGGGGAAGAAAAAGCAAACCGGTAC 

c  -  ggcccgtgttgtggtcgctcgttccgcaaagccccttctttttcgcccggc 
18 

AAGACCAGGCATTTTTTCTTTTTGCGGAAGCTA 

-  TTCTGGTCCGTAAAAAAGAAAAACGCCTTCGAT 

AAGACCAGGCATTTTTTCTTGTTGCGGAAGGGG 

-  TTCTGGTCCGTAAAAAAGAACAACGCCTTC 

Figure  1  Tailed  template  DNA’s  for  formation  of  arrested  RNA  polymerase  II 
elongation  complexes.  Templates  are  aligned  at  their  halt  sites  which  is  the  first  T 
in  the  poly  -T  tract 


Ipause 


9pause 


15 


12 


Templates  Employed  in  Generating  Elongation  complex. 

In  the  original  proposal  a  51  base  pair  template,  V51  (fig.  1)  and  was  shown  to 
be  efficient  for  the  generation  of  homogeneously  paused  elongation 
complexes  using  yeast  RNA  Polymerase  H.  Withholding  UTP  at  a  poly  T  site 
on  the  template  was  the  key  in  generating  these  complexes.  The  exact 
template  employed  for  generating  ternary  complexes  for  crystallization, 
template  Ipause  (figure  1)  was  based  on  the  same  overall  structure  of  V51. 
Recently  with  task  3  (see  above)  in  mind  this  template  strand  was  further 
shortened  by  6  bases  (termed  9pause)  with  no  effect  on  efficiency  of 
transcription  or  stability  of  the  elongation  complex.  These  changes  included 
shortening  of  the  poly  dC  tail  from  15  to  12  bases  and  reducing  the  5'  terminal 
of  the  coding  strand  by  3  bases  allowing  for  a  3  base  overhang  by  the 
noncoding  strand  (fig  2).  This  was  performed  to  study  the  affect  of  DNA  size 
on  resolution  of  diffracted  crystals.  An  additional  change  which  had  no 
apparent  affect  was  the  alteration  of  one  of  the  base  21  (relative  to  the  first 
double  stranded  nucleotide  transcribed)  from  T  to  G  (fig.  1).  Nuclease 
protection  assays  of  a  150  base  pair  ternary  complex  shows  that  approximately 
45  bases  of  DNA  is  protected  by  the  polymerase  (11).  Therefore  further 
shortening  of  the  downstream  end  of  the  shortened  DNA  template  is  within 
the  protected  region.  Decreasing  the  single  stranded  tail  further  than  12  bases 
is  not  feasible  since  that  would  drastically  decreases  initiation  (9). 

The  halted  elongation  complex  generated  by  withholding  UTP  could  be 
efficiently  extended  (fig.  2)  after  adding  UTP,  as  efficiently  as  was  done  for 
template  Ipause  (13).  It  also  allowed  for  a  nearly  complete  arrested  complex 
which  was  unable  to  elongate  past  the  poly  T  tract  in  the  template. 
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Figure  2.  RNA  in  elongation  complexes  employing  template  9pause 


Platelike  crystals  of  RNA  polyraerase  11  elongation 
complex. 

In  the  original  proposal,  X-  ray  diffraction  studies 
allowed  for  a  complete  data  set  of  an  elongation 
complex  to  7  A  (Table  3).  This  was  done  using  yeast 
RNA  polymerase  n  which  was  deficient  in  two 
subunits  four  and  seven  (delta  4/7).  In 
implementing  the  first  and  second  tasks  (above) 
which  was  to  use  the  "platelike"  elongation 
crystals  to  achieve  phasing  information,  several 
difficulties  were  encountered. 


Figure  2  Formation  of  paused  (denoted  "H"  for  halted)  and  arrested  (denoted 
"E"  for  elongated)  RNA  pol)mierase  n  elongation  complexes  on  the  template  in  Fig. 
1.  Transcripts  were  analyzed  by  gel  electrophoresis  and  autoradiography. 
Multiple  bands  were  obtained  due  to  the  well  known  lack  of  precision  of  initiation 
on  tailed  templates. 


1.  Sensitivity  to  manipulation.  It  was  necessary  to  freeze  the  polymerase 
crystals  since  diffraction  from  capillary  mounted  crystals  decay  within  2 
hours.  A  solution  of  mother  liquor  and  propylene  glycol  (16%  final 
concentration)  was  the  least  damaging  of  the  cryoprotectants  studied.  Even 
then  most  crystals  cracked,  dissociated  or  displayed  a  decreased  ability  to 
diffract  resulting  in  only  low  resolution  diffraction  (6-7  A)  with  a  high  mosaic 
spread  of  greater  than  1  degree.  For  example  the  complete  data  set  mentioned 
in  the  original  proposal  was  71%  complete  to  6.4  Angstroms  but  had  a  mosaic 
spread  of  1.5  degree. 

2.  Sensitivity  to  heavy  metal  complexes.  To  achieve  phasing  data  for  a 
protein  the  size  of  polymerase,  heavy  metal  clusters  were  employed.  Recently, 
CO-  workers  successfully  employed  a  Tantalum  (Ta6Brl22+)  complex  in  the 
Komberg  lab,  in  achieving  phase  information  for  an  RNA  Polymerase  n  not 
in  ternary  complex.  When  soaking  the  Delta  4/7  elongation  crystals  with 
Ta6Brl22+  most  crystals  cracked.  This  behavior  is  clearly  different  than  the 
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non-ternary  enzyme  and  strongly  suggests  that  the  Ta6Brl22+  complex  binds 
to  a  region  that  is  occupied  by  nucleic  acids  or  that  it  interacts  with  nucleic 
acids  in  the  elongation  complex.  In  either  case  a  disruption  of  the  crystal 
lattice  and  cracking  of  the  crystals  prior  to  soaking  in  cryoprotectant  was 
observed. 

3.  Although  1/15  of  the  platelike  crystals  do  diffract  to  high  resolution,  the 
inability  to  manipulate  them  and  their  high  mosaic  spread  suggests  that 
either  better  freezing  conditions  are  necessary  or  a  different  crystal  form  is 
needed.  Therefore,  a  variety  of  crystallization  conditions  were  tested  in 
addition  to  conditions  that  allowed  for  high  resolution  diffraction  of  the 
polymerase  alone.  The  non-  ternary  polymerase  crystals  had  an  1222 
symmetry  whereas  the  ternary  plate  crystals  are  C222.  These  attempts  result  in 
only  platelike  crystals.  It  appears  that  the  additional  DNA  and  RNA  in  the 
complex  prevent  specific  protein-  protein  interactions  necessary  for  the 
generation  of  the  1222  crystal  forms.  The  search  for  conditions  was  somewhat 
limited  though,  since  the  use  of  high  salt  causes  the  paused  elongation 
complex  to  be  unable  to  further  extend  the  RNA  chain  (13).  For  that  reason 
PEG  6000  has  been  employed  as  the  main  precipitating  agent  as  opposed  to 
having  high  salt  concentrations. 

Some  valuable  information  was  gained  though  by  the  addition  of 
additives  and/or  screening  of  crystallization  conditions,  and  are  summarized 
below.  Despite  this  no  improvement  in  the  quality  of  the  platelike  crystals 
was  observed. 

Figure  2.  Additives  to  Mother  Liquor  that  affect  crystal  growth 


Additive 

Effect 

Spermine 

Slightly  decreases  ternary  complex  solubility 

Sodium  Chloride 

Strongly  decreases  ternary  complex  solubility 

Ethanol 

Slightly  decreases  ternary  complex  solubility 

Cadmium  Chloride 

Increases  the  size  of  crystals,  may  substitute  for  Zinc  in 
Zinc  fingers  or  bind  Nucleic  acids  in  the  elongation 
complex  stabilizing  the  complex. 

Lutetium  Sulfate 

Increased  the  size  of  crystals  though  not  as  much  as 
Cadmium  Chloride  did. 

Wild  type  RNA  polymerase  n  elongation  complex. 

As  described  above,  a  search  for  a  crystal  form  that  could  be  easily 
manipulated  was  called  for.  A  co-  worker  has  recently  crystallized  the  wild 
type  enzyme  containing  subunits  4  and  7  and  has  shown  diffraction  before 
freezing  (capillary  mounted  crystals)  to  high  resolution  and  after  freezing  to 
low  resolution  (6.0  A).  These  crystals  were  orthorhombic  C222  with  different 
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cell  unit  dimensions  than  the  elongation  plate  crystals  (fig  3).  Ternary 
complexes  of  wild  type  polymerase  were  then  generated,  and  appear  to  be 
biochemically  identical  (not  shown)  to  those  of  the  delta  4/7  enzyme.  After 
initial  crystallization  non-platelike  crystals  with  four  different  apparent 
morphologies  were  successfully  grown.  Initial  diffraction  at  SSRL  beam  line 
9-1  of  several  of  these  crystals  shows  them  to  be  similar  in  morphology,  cell 
unit  and  symmetry  to  wild  1)^30  crystals. 

As  a  result  many  crystals  were  frozen,  and  some  conditions  which 
contained  PEG  6000  and  ammonium  phosphate  as  buffer  proved  to  allow  for 
diffraction.  These  crystals  are  not  as  sensitive  to  soaking  with  cryoprotectant 
as  the  plate  crystals  were.  Diffraction  in  these  crystals  though  has  been 
observed  to  be  limited  to  6  A  even  after  screening  of  180  crystals  with  an  in 
house  rotating  anode  X-  ray  source.  In  addition  all  four  different  crystal 
morphologies  appear  to  have  similar  cell  unit  dimensions.  A  full  data  set  of 
one  of  one  of  these  crystals  has  recently  been  accomplished  to  7.5  A 
resolution.  Computational  analysis  of  the  data  was  performed  with 
MOSSFLM  (integration)  and  scaling  with  SC  ALA  (from  the  ccp4  package). 
The  mosaic  spread  of  this  crystal  (0.75  degrees)  is  far  lower  than  that  of  the 
delta  4/7  crystal  data  set  (1.5  degrees).  This  improvement  may  be  crucial  in 
allowing  for  a  low  resolution  structure  by  molecular  replacement  using  the 
non-temary  delta  4/7  enzyme  that  has  been  successfully  phased  to  6.0  A. 

It  appears  that  freezing  conditions  may  play  a  key  role  with  the  wild 
type  elongation  complexes  as  well.  Although  after  soaking  in  propylene  glycol 
cracking  of  crystals  was  not  observed,  a  loss  of  birefringence  of  most  of  the 
crystals  occurred.  This  suggests  that  better  freezing  conditions  may  be 
necessary  for  both  the  wild  l^e  and  the  delta  4/7  enzyme.  Recently,  screens 
for  such  conditions  look  quite  promising,  as  detailed  below. 

Improving  crystallization  and  freezing  conditions 

Since  elongation  complexes  may  dissociate  with  high  salt,  the  ideal 
crystallization  conditions  found  to  date  included  precipitating  agents  such  as 
polyethelyneglycol  6000  and  ammonium  phosphate  as  salt  up  to  300  mM.  It 
would  though,  be  ideal  if  crystals  could  be  grown  in  cryoprotectant.  This 
would  severely  minimize  the  damage,  which  appears  to  be  a  major  constraint 
in  achieving  high  resolution  diffraction. 

A  screen  was  set  up  employing  wild  type  elongation  complex,  PEG400 
as  precipitant  and  ammonium  phosphate  (up  to  300  mM)  as  salt/buffer.  The 
logic  behind  employing  PEG400  is  that  above  20%  it  is  a  good  cryoprotectant, 
and  elongation  complex  crystallized  well  in  PEG6000.  Elongation  complexes 
in  these  trials  remained  in  solution  for  months  (until  this  day)  and  did  not 
precipitate  out  or  form  crystals.  This  clearly  indicated  that  PEG400  is  not  an 
efficient  precipitating  agent  even  at  25%. 
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Figure  3.  Crystallographic  data  for  yeast  RNA  polymerase  II  (pol  II)  and  its 
complexes 


Molecule 

Unit  Cell 

Space 

Group 

X-ray  Source 

Resolution 
Limit  (A) 

^symm 

<  I/sigma  > 

Complete¬ 

ness 

poin 

a  =  131.3 

1222 

SSRL 

3.0 

9.9  %  for 

30.0 

75%  for 

b  =  223.7 

BL7-1 

50.0-4.0  A 

50-4.0  A 

c  =  368.9 

a  =  211.4 

1222 

SSRL 

5.0 

7.5%  for 

98%  for 

b  =  222.3 

or 

BL7-1 

50.0-5.0  A 

50.0-5.0  A 

c  =  321.6 

I2i2i2i 

Transcription 

elongation 

complex 

a=  174.9 

b  =  222.2 

c  =  196.5 

p=  103.3° 

C2 

CHESS 

F-1 

6.0 

6.1%  for 

70-6.4  A 

71%  for 

70-6.4 

wild-type  pol  II 

a  =  218.9 

C222 

SSRL 

6.0 

6.3%  for 

4.7 

95%  to 

b  =  390.5 

BLl-5 

50-6.0  A 

6.0  A 

c  =  279.8 

*Wild-type 

elongation 

complex 

a  =  219.8 

b  =  389.1 

c  =  272.0 

C222 

SSRL 

BL  1-5 

6.0 

7.6%  for 

23.7-7.5  A 

12 

74%  to 

7.5  A 

*  Performed  under  the  current  study. 


After  these  observations,  and  the  considerable  amount  of  screening  of 
elongation  complex  crystallization  conditions,  several  elements  were  then 
combined  in  an  attempt  to  increase  precipitation  of  the  ternary  complex.  Both 
sodium  chloride  and  PEG  6000  were  shown  to  be  good  precipitating  agents  in 
past  screens.  Several  additional  screens  were  then  set  up  all  employing  20% 
PEG  400,  lOOmM  ammonium  phosphate  pH  6.0  as  buffer  and  either  PEG6000 
or  sodium  chloride  as  precipitant.  Small  crystals  were  observed  in  many  of 
the  resultant  trials.  They  all  appear  to  have  a  single  elongated  morphology, 
different  than  those  grown  in  the  absence  of  PEG  400.  The  largest  of  those 
crystals  were  still  relatively  small,  100  X  50  X  40.  Considering  the  large  size  of 
polymerase  and  the  small  size  of  the  crystal  diffraction  was  not  expected  to  be 
observed.  Some  of  these  crystals  were  directly  and  successfully  frozen.  This  is 
the  first  time  crystals  of  elongation  complex  can  be  grown  in  cryoprotectant. 
Although  only  a  few  of  these  crystals  were  diffracted  and  despite  their  size 
weak  diffraction  to  10  Angstroms  was  observed  on  an  in  house  rotating  anode 
equipped  with  a  Siemans  area  detector. 

These  crystals  though  appear  to  hold  promise  in  that  they  are  grown  in 
cryoprotectant  and  can  be  directly  frozen.  At  the  time  of  the  submission  of 
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this  report,  several  new  crystal  trials  have  been  set  up.  As  mentioned  above 
adding  cadmium  chloride  to  elongation  crystals  increased  crystal  size 
dramatically.  This  may  allow  for  the  elongation  complex  crystals  grown  in 
PEG  400  to  achieve  the  size  necessary  for  good  diffraction. 

Conclusions 

The  tasks  set  out  for  the  first  year  included  employing  platelike  crystals  of 
delta  4/7  enzyme  and  heavy  metal  clusters  for  phasing.  In  addition 
improvement  of  the  current  template  by  shortening  was  called  for.  In  the 
second  and  third  years  the  goal  will  be  an  attempt  at  high  resolution 
structural  studies.  Indeed  the  current  study  was  successful  in  attaining  the 
first  year  goals  and  more. 

1.  It  was  determined  that  the  platelike  crystals  are  sensitive  to  manipulations 
including  soaking  in  cryoprotectant  and  heavy  metal  clusters,  and  that  the 
nucleic  acids  in  the  complex  are  most  likely  preventing  protein-  protein 
interactions  necessary  for  growth  of  the  1222  crystal  forms  of  non-  ternary 
polymerase  which  diffract  to  high  resolution. 

2.  Approximately  45  bases  are  well  protected  by  RNA  polymerase  II  (11).  The 
DNA  template  originally  employed  for  elongation  complex  was  further 
shortened  without  any  deleterious  affect.  Shortening  beyond  this  limit  may 
not  allow  for  efficient  elongation  after  pausing  (13).  This  could  always  raise 
the  question  of  the  biochemical  integrity  of  the  complex.  At  this  point  the 
current  shorter  template  will  be  employed  as  the  template  of  choice  for  all 
further  studies. 

3.  A  data  set  was  achieved  to  low  resolution  (7.5)  of  the  wild  type  elongation 
complex.  The  mosaic  spread  is  approximately  0.75  degrees.  The  original  delta 
4/7  platelike  crystals  had  a  mosaic  spread  of  1.5  and  the  new  crystals  contain 
protein  with  subunits  4  and  7  that  are  required  in  specific  initiation  of 
transcription,  though  not  necessary  for  elongation.  The  current  data  is  of  the 
highest  quality  collected  to  date  on  elongation  complexes  of  RNA  Polymerase 

n. 

4.  Phase  information  to  low  resolution  from  the  non-ternary  RNA 
polymerase  n  is  now  at  hand  (Jianhua  Fu,  personal  communication).  This 
data  may  prove  useful  in  molecular  replacement  with  the  wild  type 
elongation  complex  to  arrive  at  a  low  resolution  map.  This  would  have  been 
difficult  using  the  delta  4/7  crystal  data  collected  prior  to  this  study, 
considering  its  high  mosaic  spread.  As  a  result  of  the  research  done  under  the 
first  year  of  this  fellowship  X-  ray  structural  analysis  of  an  elongation  complex 
of  RNA  polymerase  II  may  now  be  attempted  to  low  resolution. 

5.  New  crystal  growth  conditions  have  now  been  found  that  include  growth 
in  cryoprotectant.  This  may  allow  for  the  circumvention  of  the  main 
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problems  involved  in  crystal  manipulation  that  has  hampered  both  the 
quality  of  data  derived  from  both  the  delta  4/7  and  the  wild  type  elongation 
crystal.  It  will  be  necessary  to  further  capitalize  and  improve  these  conditions 
for  both  delta  4/7  and  native  elongation  complexes,  to  allow  for  larger 
crystals.  This  effort  is  now  underway. 
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